). A solute-binding protein (SBP) is often included as an auxiliary component of an ABC transport system in bacteria and archea, and is involved in capturing its ligand(s) {allocrite(s)}: inorganic ions, sugars, amino acids, proteins, and complex polysaccharides. In Gramnegative bacteria, SBPs are present in the periplasmic space, while they are anchored to cytoplasmic membranes via lipids in Gram-positive bacteria and archea (for a review, see Higgins et al.
2)
). By capturing extracellular ligands with large association constants (1:0{10 Â 10 7 M À1 s À1 ) and delivering them to corresponding transmembrane domains, SBPs confer specificity and high affinity on the cognate transport system.
The binding specificity and affinity of SBPs have been investigated with radioisotope-labeled ligands during dialysis assays, 3) or fluorescent quenching has been used to determine kinetic parameters. 4, 5) In addition to these methods, surface plasmon resonance (SPR) has recently been found to be applicable to determine binding affinity of NgcE, which is the SBP of an N-acetylglucosamineuptake system, Ngc, in Streptomyces olivaceoviridis. 6) Likewise, the xylobiose-and xylotriose-binding protein BxlE of an ABC transporter in Streptomyces thermoviolaceus has been characterized by SPR. 7) In this paper, we report an alternative method based on enzyme-linked immunosorbent assay (ELISA). A neoglycoprotein, BSA-APEA-(GlcNAc) 2 , was synthesized from (GlcNAc) 2 , 2-(4-aminophenyl)ethylamine (APEA), glutaraldehyde, and bovine serum albumin (BSA), and used as the artificial ligand to assay the binding capacity and specificity of the NgcE protein.
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The results imply that the concept presented is generally applicable and thus that the use of radioisotope-labeled compounds and costly equipment can be circumvented.
Materials and Methods
Reaction of APEA with (GlcNAc) 2 . The aminocoupling reaction between N,N 0 -diacetylchitobiose {(GlcNAc) 2 } (Mw 424.4) and 2-(4-aminophenyl)ethylamine (APEA) (Mw 136.2) and purification of the product were carried out according to the method for the synthesis and purification of the conjugate of APEA and octaacetylchitooctaose {(GlcNAc) 8 }, 8) with some modifications. Ten mg of (GlcNAc) 2 (Seikagakukogyo, Tokyo, Japan) were dissolved in 10 ml MilliQ water and mixed with 0.5 ml APEA (Tokyokaseikogyo, Tokyo, Japan) and 0.167 g sodium cyanoborohydride (NaCNBH 3 , Sigma-Aldrich, St. Louis, MO, U.S.A.). The pH was adjusted with acetic acid to 6-7, then the solution was stirred overnight at room temperature, followed by incubation at 80 C for 30 min. Unreacted APEA was separated from (GlcNAc) 2 and APEA-(GlcNAc) 2 ( Fig. 1 ) by gel-filtration in 0.1 M ammonium bicarbonate (NH 4 HCO 3 , Sigma-Aldrich) using a column (1.6 cm diameter, 1.0 m length) filled with Bio-Gel P-2 (BioRad, Hercules, CA, U.S.A.). (GlcNAc) 2 and APEA-(GlcNAc) 2 were photospectrometicaly detected at 250 and 285 nm respectively. The fractions (A250 > 0:1, A285 > 1:0) were freeze-dried, dissolved in MilliQ water, and subsequently subjected to cation-exchange chromatography using a column filled with 5 ml of Amberlite Ò CG120 (Organo, Tokyo, Japan) equilibrated with diluted acetic acid (pH 5.0). APEA-(GlcNAc) 2 was eluted with 25 ml of 1 M ammonia solution. The fraction was freeze-dried. The purity of the compounds obtained was analyzed by reverse-phase HPLC, as reported previously, 8) using an Inertsil ODS-3 column (4:6 Â 250 mm, GL Sciences, Tokyo, Japan) and elution with a 0-50% methanol gradient in 10 mM potassium phosphate buffer (pH 7.0). Peaks were detected at 285 nm.
Amino-couplings between APEA-(GlcNAc) 2 and BSA. Two mg APEA-(GlcNAc) 2 was dissolved in 6.9 ml MilliQ water containing 30 mg BSA (bovine serum albumin) fraction V (Sigma-Aldrich), then mixed with 600 ml of 25% (w/v) glutaraldehyde as a coupler and 750 ml of 0.1% (w/v) sodium cyanoborohydride (NaCNBH 3 ), and left for 45 min at room temperature to couple amino groups. The solution was dialyzed against MilliQ and freeze-dried. The neoglycoprotein gained was dissolved in 100 mM NaHCO 3 buffer (pH 9.5). The size of BSA-APEA-(GlcNAc) 2 was analyzed by SDS-PAGE followed by staining with Coomassie Brilliant Blue R-250. A, The upper arrow shows the step of reacting the reducing end of (GlcNAc) 2 with one amino-group in APEA. The other arrow indicates the step of coupling the remaining amino-group in the APEA-(GlcNAc) 2 with those in BSA using glutaraldehyde as a coupler. For details, see ''Materials and Methods''. B, Purified products were applied to a reverse phase HPLC and eluted with a 0-50% methanol gradient in 10 mM potassium phosphate buffer (pH 7.0). Peaks were detected at 285 nm.
Production and purification of the NgcE protein. The NgcE protein without His-tag was overproduced in an Escherichia coli XL1-Blue transformant carrying pQE401 and purified by four consecutive chromatographies, as described previously.
9)
Preparation of the anti-NgcE antibodies. First, the NgcE protein was purified from the membrane fraction of Streptomyces olivaceoviridis. Subsequently it was injected into a guinea pig to gain anti-NgcE antiserum.
Binding assay based on ELISA. One hundred ml of 10 mg/ml BSA-APEA-(GlcNAc) 2 in 100 mM NaHCO 3 buffer (pH 9.5) was added to each well of microtitreplates type H, for ELISA (Sumitomo Bakelite, Tokyo, Japan) and left overnight at 4 C. The wells were washed four times with phosphate-buffered saline (PBS), 10) then 100 ml of 10 mg/ml BSA in the NaHCO 3 buffer was added to each well and kept at 37
C for 1 h (as a coating process). After the solution was discarded, 50 ml of 10 mg/ml WGA (Sigma) or of the purified NgcE protein in PBS containing 0.05% (v/v) Tween 20 (PBST) was added. During the following incubation period (37 C for 1 h) each of the tested proteins was allowed to interact with the GlcNAc residues within the immobilized BSA-APEA-(GlcNAc) 2 . For competition assays, WGA or NgcE was preincubated at 37 C for 30 min in the presence or absence of the selected competitor, and then added to the BSA-coated wells (see above). After the wells were washed four times with PBST, 100 ml of 1 mg/ml BSA was added for blocking, and incubated at 37 C for 1 h. The wells were washed four times with PBST, and 50 ml of the anti-WGA or anti-NgcE antibodies in PBST was added and incubated at 37 C for 1 h. These primary antibodies were then reacted with 50 ml secondary antibodies (viz. anti-rabbit or antiguinea pig antibodies conjugated with HRP), at 37 C for 1 h; then the wells were rinsed four times with PBST. To detect the peroxidase activity of the coupled secondary antibodies, 100 ml of 0.1 M citrate buffer (pH 5.0) containing 1 mM 2,2 0 -azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)(ABTS) and 2‰ hydrogen peroxide was added to the wells prewashed four times with PBST, and incubated at 37 C. Subsequently, absorbance at 415 nm was measured using a Microplate Reader MTP-32 (Corona-Electric, Hitachinaka, Japan). The value, which was obtained when neither WGA nor NgcE was added, was regarded as blank. The relative binding activity was calculated by setting the activity in the absence of one competitor to 100.
Results and Discussion
The synthesized neoglycoprotein BSA-APEA-(GlcNAc) 2 recognizes wheat germ agglutinin As a prerequisite for binding studies, the neoglycopotein BSA-APEA-(GlcNAc) 2 was synthesized. First, 2-(4-aminophenyl)ethylamine (APEA) was coupled with (GlcNAc) 2 in the presence of NaCNBH 3 (Fig. 1A) , and the resulting reaction product APEA-(GlcNAc) 2 was freed from the unreacted precursors by gel-filtration followed by cation-exchange chromatography. As revealed by HPLC (Fig. 1B) , the product appeared relatively pure (80%). Then the remaining amino group of APEA-(GlcNAc) 2 was coupled with those in BSA in the presence of NaCNBH 3 using glutaraldehyde as a coupler (see ''Materials and Methods'' and Fig. 1A ). Low molecular weight compounds, including APEA-(GlcNAc) 2 , were removed by dialysis, and the neoglycoprotein gained, BSA-APEA-(GlcNAc) 2 , was freeze-dried. Analysis by gel electrophoresis indicated that the apparent molecular mass of BSA-APEA-(GlcNAc) 2 was heterogeneous (60-72 kDa) and seemed to increase by 0-12 kDa in comparison to unmodified BSA (Fig. 2) . Based on the consideration that the modification of one BSA molecule with one APEA-(GlcNAc) 2 molecule including a glutaraldehyde linker (Fig. 1A) would lead to an increase in molecular mass (611.7 Da), the determined increment of 0-12 kDa suggests that 0-20 APEA-(GlcNAc) 2 molecules (10 molecules on rough average) are linked to one BSA molecule. Since BSA contains 59 lysine residues, about 17% of the free amino groups in BSA is assumed to be linked to APEA-(GlcNAc) 2 . The minor population of high-molecular mass forms (about 150 and > 250 kDa) might have arisen by crosslinking mediated by glutaraldehyde.
The neoglycoprotein was used to coat the wells of microtitre-plates. After repeated washings, a solution of wheat germ agglutinin (WGA) was applied (see ''Materials and Methods''), and it was found to bind to the immobilized neoglycoprotein, in contrast to the control protein BSA (data not shown). WGA is known to recognize three consecutive GlcNAc-residues. Binding of WGA was lowered by the presence of N,N 0 ,N 00 -triacetylchitotriose {(GlcNAc) 3 } (Fig. 3) , and 13 mM of this trisaccharide provoked a reduction to 50%. This value is comparable to each of those, which had been measured either for agglutination (10 mM) of blood cells (from rabbits) by WGA, 11) or for precipitation (8 mM) of a WGA/p-azophenyl--D-GlcNAc-BSA complex. 13) Hence the results imply that the synthesized neoglycoprotein is also an equivalent tool to determine to the binding specificity of WGA.
The neoglycoprotein interacts with the NgcE protein As reported previously, the NgcE protein exhibits highly specific affinity for GlcNAc and (GlcNAc) 2 .
6)
None of the related compounds, GlcNAc-6-phosphate, UDP-GlcNAc, glucosamine, or N-acetylmannosamine, competed in vitro even in 100-fold excess with 14 Clabeled GlcNAc. 14) To investigate binding to the synthesized neoglycoprotein, the NgcE protein (gained from an E. coli host, see ''Materials and Methods'') was added to immobilized BSA-APEA-(GlcNAc) 2 (within the wells of a microtitre-plate). Using anti-NgcE antibodies, the NgcE protein was found to interact with the neoglycopotein but not with the control BSA (data not shown). The binding activity of NgcE was detectable when added to microtitre plates at more than 3 mg/ml (150 ng/well), whereas it was not at less than 1 mg/ml (Fig. 4) . An excess (100 mM) of GlcNAc or (GlcNAc) 2 inhibited the interaction of NgcE with BSA-APEA-(GlcNAc) 2 (data not shown). Together with the data presented in the previous section, these results clearly indicate that NgcE binds the neoglycoportein via GlcNAc residues.
Since NgcE does not interact with GlcNAc-6-phosphate or with UDP-GlcNAc (see above), 14) it is concluded that the linear aminoethyl group at the reducing end of (GlcNAc) 2 and the following linker region coupled to BSA (Fig. 1A) within the neoglycoprotein does not affect the recognition of GlcNAcresidues by NgcE. The relatively long linker comprising APEA and glutaraldehyde might facilitate an interaction of NgcE with BSA-APEA-(GlcNAc) 2 .
Semeňuk et al. 15) synthesized BSA-based neoglycoproteins carrying chitooligomers, and characterized their binding to the rat natural killer cell activation receptor NKR-P1. In contrast to our studies, chitooligomers were N-or O-connected by an aromatic-SCN (p-nitrophenylisothiocyanate) linker to BSA. Comparative studies of the resulting neoglycoconjugates for NKR-P1 showed that good binding affinity was additionally modulated by the type of sugar linkage, with the -O-connection being the best among them. As indicated by our studies, the reducing end of (GlcNAc) 2 within BSA-APEA-(GlcNAc) 2 is disrupted to be conjugated to the amino group of APEA (Fig. 1A) , and one GlcNAc residue is linked by a native -O-1,4 bond, which might be significant for NgcE binding, as is for recognition by NKR-P1.
NgcE possesses higher affinity for GlcNAc and (GlcNAc) 2 than for longer oligomers Kinetic analysis of the NgcE protein using surface plasmon resonance (SPR) has shown that the protein exhibits the lowest dissociation constant (K D ) for GlcNAc (8:3 Â 10 À9 M), followed by its K D to (GlcNAc) 2 (2:9 Â 10 À8 M), while the K D values for (GlcNAc) 3 and higher oligomers {up to (GlcNAc) 6 } are 100-1,000-fold higher. 6) For comparison, the binding ability of NgcE to BSA-APEA-(GlcNAc) 2 was tested in the presence of GlcNAc, (GlcNAc) 2 , (GlcNAc) 3 , and (GlcNAc) 4 at varying concentrations (0.01-100 mM). The addition of 1 mM of GlcNAc or (GlcNAc) 2 led to a reduction in binding of about 30% (Fig. 5) , in contrast The NgcE protein in various concentrations was subjected to microtitre plates coated with BSA-APEA-(GlcNAc) 2 . Binding of NgcE to the neoglycoprotein was detected by ELISA using antiNgcE antibodies and HRP-conjugated secondary antibodies. The activity is shown as absorbance at 415 nm.
to (GlcNAc) 3 or (GlcNAc) 4 . A high concentration (100 mM) of (GlcNAc) 3 or (GlcNAc) 4 reduced the activity to 60-65%. Likewise, a low amount (0.1 mM) of GlcNAc or (GlcNAc) 2 led to a similar result. A 50% inhibition was obtained in the presence of 0.1, 0.2, 80, or 100 mM of GlcNAc, (GlcNAc) 2 , (GlcNAc) 3 , or (GlcNAc) 4 respectively. NgcE was thus shown to possess about 1,000-fold higher affinity for GlcNAc and (GlcNAc) 2 than for (GlcNAc) 3 or (GlcNAc) 4 . These results are in good agreement with those obtained by SPR analysis, although kinetic parameters cannot easily be obtained by ELISA (Table 1) . It is hence concluded that the ELISA-based method is useful to determine the relative binding affinity of NgcE.
The synthesized neoglycoprotein BSA-APEA-(GlcNAc) 2 was found to interact with WGA and NgcE, which are a chitin-binding lectin and a receptor of an ABC transporter for GlcNAc respectively (Figs. 3 and  4) . The neoglycoprotein should be useful for characterizing other GlcNAc-binding proteins as well, and might also be applicable for screening molecules interacting with GlcNAc and/or its oligomers.
The concept presented is expected to be applicable to those sugars or derivatives that can react with one amino group in an APEA molecule (Fig. 1A) . It is suggested that a series of newly designed neoglycoproteins could easily be synthesized using a range of sugars possessing reducing ends. While reducing ends might be significant for recognition by certain sugar-binding proteins, the binding properties and specificities can be tested for proteins, including those which function as solutebinding proteins of ABC transport systems. . The NgcE protein produced in Escherichia coli was purified and subjected to an assay, the details of which are described in ''Materials and Methods''. Relative binding activity was calculated by setting the activity in the absence of competitors to 100. 
